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ENERGETIC PLASTICIZERS CONTAINING
33-BISIIMFLUOROQAMINO)-
L5-DINITRATOPENTANE AND METHOD OF
PREPARATION

STATEMLENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

‘The invention described herein mav be manufactured and
uscd by or for the government of the United States of
Awmerica for governmental purpeses without the payment of
any rovialties thercon or therefor.

BACKGROUND GF THE INVENTION

I. Field of the Iovention

‘The present invention relates to the composition of 3,3-
bis(diflearoamino}- 1,5-dinitratopentane, abbreviated herein
as BFDNP, and the use of BFDNP as a plasticizer in
energetic materials. More particularly, 3,3-his
{dillearoamino}- 1.5-dinitratopentane is uscful as an ener-
getic plasticizer composition in propellants and explosives,

2. Brief Description of the Related Ant

Solid propellants conlaining aluminum or boron fuel
¢xhibit irnproved metal combustion when Huorine is prescnt
as an oxidizer in addition 1o oxvgen, Several patents disclose
diflucrvamine compounds in energetic compositions. U.S.
Pal. Noo 31900894 (0 Logotheiis discloses 9,10-bis
(dilleoroamine)-9.10-dihvdroanthracenes. US, Pat. No.
3331867 1o Smiley discloses 1,2,5,6-tetrakis

(difluorcamine)-3,4-he xancdiol dinitrate compounds, US. 3

Pal. No. 3,337,627 1o Mueller, et al. discloses gem-bis
(ditlvaroamina). L1,3,3-uis{difluoroaming), and 1,1,4,4-
teirukis(diflusrvaminag) compounds, U.S. Pat. No. 3,335,398
0 Rhodes discloses 1,2-bis{difluocoaming) ethane dinl-1,2

compounds. U.S. Pat. No. 3,375,259 10 Gibson, ct al. 1=

discloses  propellants  such as  N,N'-his
{dtfluorcaminometityjurea compounds. U.S. Pat. Ne. 3,410,
870 0 Armstrong, et 2l discloses 2.3-bis{diflucroaming)-1,
4-butanedio? dinitrate compounds. U.S. Pat. Ka, 3,729,501
th Robrback, ¢t al. discloses 1-difluorvamina-2,3-
dinfiratopropane compounds. US. Pat. No. 3,046,083 1o
Adoiah discloses bis(2,2,2. luorodinitrocthyl}
trchloracetal compounds, US. Pa. No. 3,968,160 1 Reed,
Jr. discloses L2 3-tris{ diluoroamine)ethoxy }-propane com-

pouncs LS. Pat. No. 4,001,059 o Petry discloses C-cvano-

-

=35 A-retrakis{dilluoroumineYhexane compounds. U8, Pat.
N 3075245 o Baum, et ozl discloses,],3-bis{2 2 7.
!f'_'-.1rudjnitmc:!mx}}-2,'_-‘—bis.:(diﬂunro1r:1in0)propanc o
v L US P Noo18 414 10 Goldsten, o af diselases
sefdiuecaanno)micthnsvpentaeryibeivl trinitrate com-
founds. LS. Pat. No. 314,910 1o Flanapaa, et al. discloses
il dd-dillusroantiooheptane compounds. U S Pat,
No 3TN 0 Frankel, ot oall discloses bis{3,3.5-
Cuatadiensn.2,2-bis-tdittuoramine)-peatyltriforaa.et ]

CY LA enmpownds. US. Pan No 4,376,603 to Marcellis, of s

al wdiscloses o mixture of pertaborane aod tris
Pl mean nofuarmnetiine compounds. US Py, N
PAMLEI Ly sehack discloses production of ditluarwsi-
sotichmromethooe compounds. TS, P No 5372240
Arshibald s e all discloses bis-(Jdillugroaminematayl)
cxehanes S Pat No SA20311 1 Archibald, el all die-
Cifuorcaminomethyvloxetazes, US. Pas No.
ST e Archiball, et sl diseloses acopentyl ditlnag-
Anino cen g

fil

s

ominelethexyipropane (TVODA), 2.2 his
camined-SLuena-S Sadinitcopemiv! farmal (SYEO),

Al

wiwd phesiicizers, such as LIS il 2

2 h%

and 2.2-bis(diflusroamine)-1,3-bis(luoraditroethoxy)
propane (SYEL) also have been evuluated as plasticizers in
sluminized sulid propellants. However, TVOBA has limited
chemtcal and thenmat stability, and SYFO and SYEP are
difticult 10 manufacture due 1o laborious, low-yield, muli-
step syatheses.

Thete is 3 oeed in the art o provide new diduoroaming
compounds for use in epergetic compositions. The present
invention addresses this and other needs.

SUMMARY OF THE INVENTION

The present invention includes 2 compound comprising
3,3-bis(dlilvoroamina)-1,5-dinitratopentane.

The present invention also includes 4o coerpelic material
comprising 3,3-bisidifluoroamino)-1,5-dinitraiopentane.

Furtbermaore, the present invention further includes a
compound of 3,3-bis(diflucroaminn)- 1, 5-dinitratapentane
made by the process comprising the steps of difluoroami-
natian and nitration.

DETAILED DESCRIPTION OF THE
PREFERRER EMBODIMENT

The present invention s an improved erer plasticizer
containing diftuoroaming groups, more specifically the com-
position of 3,3-bis(dillucroamine)-1,5-diniiratopentane
(BEDNP). BEDNP of the present inveation cun be used as
a plasticizer in energetic composilicns, such a5 propellants
and explosives. The 3,3-his{diflucroamine)-1,5-
dinitratopertane is manufactured throush a pracess of dif-
luoroamination ard nitration.

The compound of 33-bis(difluaroamine)-1,5-
diniteatopentane of the present invention comprises a strue-
ture a5 shown in formula (1), below:

s

E-N NEa

CJN'O;W(;Y{):

HFDNP ((NO{CH)L.CONFLL(CH,)-0NOL) comprises
a mobile liquid at raom tempereture. Ditferential Scanoing
Culorimeler (DSC) charicterization shuwed o glass transi-
tion temperature of —£7° €. and an orset decomposition
temperature of 186" O, peaking 11 1957 (" BFDNP has a
density of 1.56 g em® The hzat of Farmation is estimated 10
e =70 keal mol Based on thin dulal the recformance

- calvulaiions For BEDNP by e Kamiet Skort Method (KSM!

GaABY method revealed 3 Specitic Impuise (lsp) of 278.9
seconds. Compared o 20273 seands Tor BTTN, 258.6
seconds tor SYFO, and 2603 sceards fir SYFP, BFDNP
provides an improved plasticizer with oveelient rerlormaoge
poteetial.

The present invennosn provides the vnnpaznd 3,34his
fdifluoenamtine-§,5-4 S APRTONPY as an
improved energeti plastis Juluaroaming and
mitrake gratps as ox crmpound s
cempound of
vr 4 steps by
VUPS] TeACT-
2 the triflug-
1ver i the parent

L5-dwchloropentanne-3 in appr.
replacieg the chiotines wib ot
gy with dotbuereantoas e alewe,

mLoeloy Py onitraio groups eiifier o

U

Tews 0l m

acturing e 33

lLaraming)-
PERbATe Compzises D sieps ol Gilunroamina-
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tivn anid nitration, as detaited in Examples 1-3, below, As
swen in the examples, the step difluorcamination compriscs
reacting  1,5-bis(triflunroacetoxy)pentun-3-one {((CF.C
(=0)OCH,CH.),C=0} with dilluoroamine reactant, pref-
erably containing cleum, to form 3,3-bis(diflucroaming)-
1,5-bis{irifluoroacetoxy)pentane. The 3,3-bis
(difiuoroaminn}-1,5-bis(trifluoroaceloxy)pentane {(CF,C
(=0)ICH.CH,}.C(NF.).) reacted with methanol 1o form
3,3-bis(diﬂuoroamino)pcnl:mcdiol-l,S(HO(C[—Iz):C(NFz):
(CH)0H) followed by nitration with a mixture of sulfric
acid and nitric acid ([[,SO /HINO,) © form the 3,3-bis
(difluoroaming)-1L5-dinitratopentane. In an aliernative
embaodiment, the nilration of 3,3-bis(diflucroamino)-1,5-bis
(trifluoraaceloxy)pentanc can be directly performed with a
mixture of sulfuric acid and nitric acid. In another
embodiment, diflvoroamination and nitration of the 1,5-bis
(trifluoroacenxy)pentan-3-one is accomplished directly
with a dilluoroamine reactant in oliwm followed by a
teiction with nitric acid.

The synthesis of 1,5-dichloropentan-3-one {CHCH)C
{=0¥CH,).C1} is known, as described in the Journal of the
Chemical Society (€} 1970, 2401 by O. R. Owen and C. B.
Recse, the disclosure of which s herein incorporated by
reference, Geoerally a reaction of -chluroprapioay] chlo-
ride (CKCIL).C(=0)C1), ethylene (CH.=CIL) and alu-
minum chlonide (ALCL)Y is performed. The 1,5-
dichloropentan-3-one is reacted with sodium teifluoroacetats
(Na0C(=0)CF,) to produce 1,5-bis{tsifluoroacetoxy)
peatan-3-one (CF,C(=0)0CH.CH,).C=0).

Schematically, the synthesis of the 3,3-bjs -

(diflusroamino}-1,5-dinficatopentane of the present inven-
tion may be shown as;

Cr

15

4

Diflusroamine was generated from a diflusrurea solution
obtained by fuorination of 13.2 g of urea in 150 mL of
water. The difloroamine was passed ini a 3-neck flask
fitted with a magnstic stirring bar and a dry-ice condensor
and contatning 15 ml. of 30% oleum ard 5 mL of dichlo-
romethane. To the stirred mixture was added gradually a
solution of 8 g of crude bis{triflucroaceloxy)pentanone in 10
ml. of dichloromethane. Stirring was continued for 3 hours
while the condenser was charged with dry-ice/acetone. The
mixture was then poured over crushed ice, the mixture was
filtered to remaove 2 brown solid, the phases were separaled
and Lhe agueous phase was extracted with dichloromethane.
Drying with MgSO,, filtering the solution, and removing the
solvent gave 6.5 g of a light brown oil, yielding 62.6%
3,3-bis{difluoreamino)-1 S-bis{triflueroacetoxy)pentane.
Analysis of the 3,3-bis(difluorcamine)-1,%-bis
(triffuotoscewixy)pentane showed LTHNMR (CDCI3, TMS
ref ) 2.65 (1, 41}, 4.65 {&, 411) ppm. 19FNMR (d6-acetone,
CFCI3 ref.)y: +28.94 (NF.), -74.92 (CF,) ppm.

The 3.3-bis(diﬂuormmino)—1,S-bis(lritluoroacetoxy)
pentane (6.5 g), was mixed with 25 ml. of anhydrous
methanol and the mixture was heated for 2 davs at 63° .
The mixhers was Mltered with suction and freed of solvent in
vacuo. 3.86 g of a Light browa oil was obtained. The product

. owas triturated with 15 mb oof warer, then twice with 10 ml,

of waler. The combined aqueous phases were rinsed with 3
ml ol dichloromethane. The aqueous solutivn was saturated
with sadium chloride and extracted with 4225 mL of ether,
Work-up of the cther solution as usual gave 1.7 cof aligh
yeltow oil comprising 3,3-bis{difuorcamino)pentanediol -
1,5, Additional product of 3,3-bis(diflucroamine)
pentanediol-1,5 is contained in the residue of 1he waler
trituration, and in the dickloromethane solution used to rinse

o
. /\)L ALLL, /\J\/\
. Ce HCTECH et iy

12N NE

oo }W . LNE:
Ryt OCaLT, QoA
. . L}
CH:H FIND L30T
Fos o ONE

I

I T, & Y

. 9]
I-'_\(TOCO/\*/\OCO(‘F.

LHNEL Ciewin
MR IANSN

Y ~E

W FiNid 50 /\X/\
o 1l —_———a LEER o (']\'i]_

LXAMPLL |
Aomixture ol TaS g of 1 S-dichloroeaue-3-one. 92 ml
vieeoroacetic azid, and 34.55 g of sedm willuorodzetate
wins stiered und heated w732 C.for 04 heurs The mixtuse

s aliowed 1o cool to room temperatare, was poused over =

srwshed dee, and apraduct of LAbis{irifuaraacetoc, )
puntan-3-one was extracted with dichloromethane. Aftee
vy weth MeSO, Illlcring‘ aznd removal of the solver,
It eforude LE-bistrilfuoroacetoxy)pentan-3-one prad.

reatia-d-oae showed THNMR (CDCIA, TSNS rof): 294 10,
FHY 453 (1, HD ppm

uet was oblained. Analvsis ol the L3 bistrilioracetoy ) -3

BrOND

the aqueous phasc. Apalvsis of the A 3-bis{ditlzzreamino)
pentinediol-1,5 showed THNMR (CDCL, TMS el ) 2.46
(1, S3H), 2.93(s, 21), 3.96(1, 4H) ppou. 19FNMR (dé-acetone,
CLCLS rely: +27.8% ppm.

A mixture of 1.5 ml of eone. sutluric acid azd it 7 mL of
LU nierie acid was cooled in an dee bath axd 07 g of
bistdiflunroamiro)pentanediol was added wits sirring. Stir-
ving with coaling was coatioued for 2 hours The mixture
was paured over erushed {ce and the produet was extracted
wilh dichloromethate. “The dichlormehine solutan was
washzd with aqueots sodinm bydeegen carlwea sz sulution,
dried with MgS0,. and tillered  An aliquot was freed of
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solvent 0 determine the vicld and properties of 3,3-bis
{dlifluoroaming)-1,5-dinitratopentage. The yicld was cssen-
tially quantitative. Analysis of the 3,3-bis{diflunrcaming)-
L5-dimtratopentane showed THNMR (CDCI3, TMS refl):
2.61 (1, 4H); 4.75 (1, 4Hy ppm. 19FNMR (dé-acetone, CFCI3
ref) +29.04 ppm.

EXAMPLE 2 {prophetic}

The 3,3-bis{diflucroamino}-1,5-bis{triflucroacetoxy)
pentane (8.0 g) from example L is mixed with 15.0 mL cone.
sulturic acid and 7.0 ml. of 100% nitric acid cooled in an ice
bath to form 3,3-bis(diflueroaming)-1,5-dinitratopentane.

EXAMPLE 3 (propheiic)

The 1.5-bis(trifluoroacetoxy)pentan-3-one (8.0 g from
cxample 1 is mixed with 11.6 g difluormaming in 15 ml. of
30% oleum and 5 ml. of dichloromethane, followed by
mixing with 7.0 mL of 100% nilric acid with cooling in an
ice bath to form 3,3-bis(difluoroamino}-1,5-
dinitmatupsalane.

The 33-bis(difluorcaminoe)-1,5-dinitratopentane com-
Eprises an energetic material useful as a plasticizer in pro-
pellant compositions. Polymers, such as celluluse acetate
butyrate (CAB) or plastisol nitrocellulose (PNC), are used in
combination with the BEIINP to form the propellant binder.
The BFDINP to polymer ratio may be any suitable amount
for a given purpose, preferably, from sbews 101 or greater,
more preferably from about 1.5:1 or greater, and most

preferably from about 2:1 or greater, with the proper amount 3

of energetic material to polymer for a particular purpose
determinable by those skilled in the ar. Addilionally, the
BFDNP is useful in explosive compositions.

BEDNP provides a very high energy content, or speeific
impulse (Isp). due to the high NF Huorine content (26%5)
with the diffeorcaminoe groups preseal as a gem-

6

difluorcamino moiety. Additionally, BFDNE is relatively
easily synthesized, compared to such eompounds as SYFO
and SYEP.

The foregoing summary, description, and examples of the
present invenlion are nol intended 10 be limiting, but are
orly exemplary of the inventive features which are defined
i the claims.

What is claimed is:

1. A compound comprising 3,3-bis{difluoroaming)-1,5-
dinitratopentane.

2. An energetic material comprising 3,3-bis
(diflucroamina)-1,5-dinitratopentanc.

3. The energetic material of claim 2, comprising a plas-
ticizer of 3,3-bis(difluoroamina)-1,5-dinitratopentane.

4. A propellant composition comprising the encrgetic
maierial of claim 3.

5. A propellant composition comprising a polymer
selected from the group consisting of cellulose acetate
butyrate and plastisol nitrocellulose in combination with the
energelic material of elaim 3.

6. The propellant of claim 5, whercin the polymer com-
prises cellulose acetate butyrate.

7. The propellant of ¢claim §, wherein the polymer com-
prises plastisol niteocellulose.

8. The propellant of claim 5, wherein the energetic
material is combined with the polymer in 4 ratic of from
abaut 101 or greater

8. Tue propellant of claim 8, wherein the energetic
material is combined with the polymer in a ratic of from
about 1.5:1 or greater.

1. The propeltant of ¢laim %, wherein the energetic
material is combined with the polymer in 2 ratio of from
about 2:1 or greater

11. An explosive composilion comprising the energetic
material of claim 2.




